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METHOD OF MAKING A HELMET 

Background to the Invention 

This invention relates to a method of making a ballistic protective helmet and to a 
5 helmet made by the method. 

Composite helmets have conventionally been made from strong fabric impregnated 
with a phenolic resin and cut into a hexagonal or octagonal shape called a pinwheel. 
Straight radial cuts are made such that the pinwheel comprises a crown from which 
10 radiates a plurality of straight-edged petals. A number of pinwheels are superposed by 
placing the crowns of the pinwheels on top of one another so that their petals are in a 
staggered relationship. The preform which results is placed in a heated mold, 
comprising matched steel dies, in a compression press and is subjected to heat and 
pressure to form the helmet. 

15 

In making the pinwheels, much fabric is cut to waste. This is a very significant 
disadvantage in view of the fact that the preferred fabrics comprise aramid fibers, such 
as "Kevlar" ® sold by DuPont, and are expensive. At present there is also a world 
shortage, particularly of the higher grades (i.e. the strongest) aramid fibers. 

20 

The speed of the cutting procedure described above is limited by the fact that many 
cuts have to be made in different directions. 

Summary of the Invention 

25 With the aim of significantly reducing waste relative to the conventional method and at 
the same time producing a stronger helmet, the present invention provides a method of 
making a helmet comprising the steps of cutting a plurality of substantially rectangular 
blanks from a sheet of fabric, making cuts in each blank to form a crown portion and 
lobe portions therefrom, arranging a stack of said sheets into a helmet preform such 

30 that the lobe portions of any blank partially overlap adjacent lobe portions of the same 
blank, and molding the helmet from the preform. 
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Rectangular blanks tessellate, thus wasting no material at all in the cutting steps, and 
speeding up the cutting steps as compared with the known blanks. Starting from a 
sheet of material with a straight edge, only three cuts are required to form four square 
blanks. 

5 

Preferably, the method includes the use of fabric previously impregnated with resin, 
preferably phenolic resin. We prefer to use fabric to which the resin has been added as 
an adhesive film. Alternatively, the resin could be added during the molding step. 

10 Most preferably, the rectangular blanks are substantially square. The cutting process 
can be speeded up even further by forming only one cut extending inwardly from each 
side of each blank, thus forming only four lobe portions from the blank. 

Preferably, the cuts in the blank are curved. In particular, the cuts preferably start at a 
15 position on each side of the blank which divides the side into two fractions of between 
03/0.7 and 0.45/0.55. Each cut then preferably follows an arc of a circle towards that 
other side of the blank to which the cut is already closest. The cuts preferably do not 
extend further than any perpendicular bisector of any side of the blank: in a particular 
embodiment, the cuts terminate at the first perpendicular bisector reached. 

20 

We have discovered that by forming such curved cuts, the arranging step, which 
preferably comprises pushing the stack of blanks into a substantially hemispherical 
cavity, requires very little force as the lobe portions of each blank close up and partially 
overlap somewhat like the iris of a camera. 

25 

Preferably, the centers of the blanks in the stack are aligned and there is an angular 
offset between adjacent blanks. The invention makes it possible to use fewer blanks 
than the prior art process. Advantageously, the blanks are of more than one size, 
smaller blanks providing additional layers in the crown region of the helmet. 

30 

The blanks may have a thickness between 0.3 and 1 mm. 



WO 03/074962 



PCT/GB03/00913 



3 

Preferably, the molding step involves the application of heat as well as pressure. This 
causes a flow of some of the resin down towards the rim of the helmet. However, the 
curved cuts divert the flow of resin to a horizontal direction around the helmet and the 
final distribution of resin is more even than in prior art helmets. 

5 

Preferably, the molded helmet is trimmed in order to form a helmet with a rim that lies 
substantially in one plane. 

The invention also provides a helmet formed from a stack of fibrous blanks 
10 impregnated with resin, each blank comprising a trimmed rectangle and each blank 
having four curved cuts extending inwardly, one from each side of the rectangle. 

Brief Description of the Drawings 

In order that the invention may be more readily understood, reference will now be 
15 made, by way of example only, to the accompanying drawings, in which: 

Figure 1 shows a large cut blank for use in making a helmet according to an 
embodiment of the invention; and 

20 Figure 2 shows a small cut blank for use in making the same helmet. 

Detailed Description of the Preferred Embodiments 

Figure 1 shows a square blank of side 0.5 m cut from a strong woven fabric that has 
been impregnated with phenolic resin. Positions on the blank will be considered as 

25 Cartesian coordinates, with the bottom left-hand comer of the blank at the origin and . 
the length of each side being one unit. Four cuts 1 are formed, starting from the points 
(0.375, 0), (1, 0.375), (0.625, 1) and (0, 0.625). The cuts are arcs of circles centered 
about the points (0.6875, 0.25), (0.75, 0.6875), (0.3125, 0.75) and (0.25, 0.3125) 
respectively. The cuts terminate at the points (0.375, 0.5), (0.5, 0.375), (0.625, 0.5) and 

30 (0.5, 0.625) respectively, i.e. at the first perpendicular bisector of any side of the blank 
reached (shown dotted). 

This divides the blank into four lobe portions 3 and a crown portion 5. 
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Figure 2 shows a square blank of side 0.25 m, in which four cuts are made, similar to 
those of the blank of Figure 1 but shorter. 

A stack of blanks alternating between the blanks of Figure 1 and those of Figure 2, for 
5 example comprising five or seven of each type, is arranged in a stack with the centers 
of the blanks aligned. Each subsequent blank of the same type is rotated by a 
predetermined angle with respect to the previous blank. The predetermined angle 
should not be close to 90° or 180°. For evenness of material it is preferred that the 
product of the predetermined angle and the number of blanks of a given type in the 
10 stack is approximately 360° or a multiple of 360°. In a particular example, each blank 
is rotated by 55° with respect to the previous blank. 

In order to form a generally hemispherical helmet preform, the stack of blanks is 
pushed into a concave cavity having a part-spherical surface. In doing so, the lobe 
15 portions 3 ride over the adjacent lobe portions of the same blank. This is achieved with 
remarkably little pushing force. The smaller blanks of Figure 2 provide additional 
layers at the crown portion of the preform, whilst the overlapping lobe portions 3 of the 
larger blanks of Figure 1 provide additional layers nearer the rim of the preform. 

20 The helmet preform may be preheated and is then taken to a mold comprising a convex 
lower molding tool and a concave upper molding tool and is formed into a desired 
helmet shape by pressing the tools together and heating to a temperature of 
approximately 140 to 160 °C for about 10 to 15 minutes. The curved cuts 1 in each 
blank cause the resin to flow around the helmet horizontally thus giving a sufficiently 

25 even final distribution of resin. 

It will be appreciated that the square shape of the blanks causes unwanted triangular 
portions thereof to project from the side of the helmet. However, the unwanted 
portions are remarkably small and can easily be trimmed from the helmet after 
30 molding. Subsequently, the helmet has holes drilled therein and is painted and fitted 
with a cradle. 
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The resistance to impact of helmets according to the invention is more predictable than 
prior art helmets, because the amount by which adjacent lobes overlap is predictable. 
The V50 value, that is the velocity of projectiles stopped 50% of the time, by the 
helmet, is higher than prior art helmets at the same given weight. 

5 

Whilst the figures show two particular embodiments of resin-impregnated blanks, it 
should be understood that different configurations also fall within the scope of the 
appended claims. In particular, the size of the crown portion 5 of the blank can be 
made smaller, for a taller, narrower helmet, or larger, for a wider, shallower helmet. In 
10 one example, as well as the blanks shown in Figures 1 and 2, further square blanks of 
side 0.2 m are also used and the blanks are stacked in a sequence comprising one blank 
of each of the three sizes, which sequence is repeated several times. Four or more 
differently sized blanks could alternatively be used in making a helmet according to the 
invention. 

15 
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CLAIMS 

1. A method of making a helmet comprising the steps of cutting a plurality of 
substantially rectangular blanks from a sheet of fabric, making cuts in each blank to 

5 form a crown portion and lobe portions therefrom, arranging a stack of said sheets into 
a helmet preform such that the lobe portions of any blank partially overlap adjacent 
lobe portions of the same blank, and molding the helmet from the preform. 

2. A method according to claim 1, wherein the sheet of fabric has previously been 
10 impregnated with resin. 

3. A method according to claim 2, wherein the resin is phenolic resin. 

4. A method according to claim 1, 2 or 3, wherein the rectangular blanks are 
15 substantially square. 

5. A method according to any preceding claim, wherein the step of making cuts 
comprises forming only one cut extending inwardly from each side of each blank, thus 
forming only four lobe portions from the blank. 

20 

6. A method according to any preceding claim, wherein the cuts in each blank are 
curved. 

7. A method according to any preceding claim, wherein the cuts start at a position 
25 on each side of the blank which divides the side into two fractions of between 03/0.7 

and 0.45/0.55. 

8. A method according to claim 7, wherein each cut then follows an arc of a circle 
towards that other side of the blank to which the cut is already closest. 

30 

9. A method according to claim 8, wherein the cuts do not extend further than any 
perpendicular bisector of any side of the blank. 
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10. A method according to claim 9, wherein each cut terminates at the first 
perpendicular bisector reached. 

11. A method according to any preceding claim, wherein the arranging step 
5 comprises pushing the stack of blanks into a substantially hemispherical cavity. 

12. A method according to any preceding claim, wherein the centers of the blanks 
in the stack are aligned and there is an angular offset between adjacent blanks. 

10 13. A method according to any preceding claim, wherein the blanks are of more 
than one size. 

14. A method according to any preceding claim, wherein the blanks have a 
thickness between 0.3 and 1 mm. 

15 

15. A method according to any preceding claim, wherein the molding step involves 
the application of heat as well as pressure. 

16. A method according to any preceding claim, wherein the molded helmet is 
20 trimmed in order to form a helmet with a rim that lies substantially in one plane. 

17. A helmet formed from a stack of fibrous blanks impregnated with resin, each 
blank comprising a trimmed rectangle and each blank having four curved cuts 
extending inwardly, one from each side of the rectangle. 

25 
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